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(57) A method of locating highly variable brightness
or colour regions in an image (I) having at least one spe-
cifically ordered region (Zc) corresponding, for example,
to the image of an optical code defined by different-col-
oured elements with a predetermined orientation and at
least one highly variable brightness or colour region
(Za) of an order level other than that of the specifically
ordered region. A first intermediate binary image (Ir1) is
generated representing the acquired image (I) divided
into a number of contiguous first subimages (Ip), each
having a first logic value if corresponding to a specifi-
cally ordered region and a second logic value other-
wise. A second intermediate binary image (Ir2) is
generated representing the acquired image (I) divided
into a number of contiguous second subimages (Ip),
each having a first logic value if corresponding to a spe-
cifically ordered region and/or to a highly variable bright-
ness or colour region and a second logic value
otherwise. The first intermediate binary image (Ir1) is
subtracted from the second intermediate binary image
(Ir2) to generate an output binary image (lu) defined by
a number of contiguous subimages (Ip) having the first
logic value only at the highly variable brightness or col-
our regions.
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Description

[0001] The present invention relates to a method of
locating highly variable brightness or colour regions in
an image.

[0002] Systems are known for locating optical codes
applied to objects moving along conveying devices (e.g.
conveyor belts), and for determining the presence and
space disposition of the code. As is known optical codes
(e.g. bar codes, two-dimensional codes, etc.) are
defined by a number of two-dimensional elements of
given shape, of different colours (e.g. black/white or var-
iously coloured elements), and arranged in a precise
geometric order.

[0003] Some known locating systems use optical sen-
sors (in particular television cameras) for picking up a
two-dimensional image of the objects and selecting
from the image an image portion corresponding to the
optical code. Such systems also read the code con-
tained in the selected image portion and exiract the
alphanumeric information of the code.

[0004] The image picked up by the camera normally
includes a background in which are distinguishable a
number of relevant regions varying considerably in
brightness or colour and which correspond to optical
code images, to graphically defined portions (e.g. tables
or matrixes, labels and geometrically defined struc-
tures) and to alphanumeric signs automatically or man-
ually impressed and arranged in orderly manner (e.g.
aligned in rows).

[0005] Other known systems provide solely for locat-
ing in the image any specifically ordered regions corre-
sponding, for example, to an optical code. In particular,
systems are known for extracting from the image a
subimage corresponding to the optical code.

[0006] Aim of the present invention is to provide a
method of locating, in an image of the above said type,
any relevant highly variable brightness or colour region,
regardless of whether an optical code is included in the
image or not. More specifically, aim of the present
invention is to eliminate from the image any relevant
specifically ordered regions (normally corresponding to
optical code images or geometrically defined struc-
tures), by locating relevant regions of a different order
from the relevant specifically ordered regions.

[0007] According to the present invention, there is pro-
vided a method of locating highly variable brightness or
colour regions in an acquired image, wherein said
image has a number of relevant regions, including : at
least one specifically ordered region and at least one
highly variable brightness region; the order level of said
highly variable brightness or colour region differing from
the order of the specifically ordered region; character-
ized by comprising the steps of: performing a first
processing step of said image to generate a first inter-
mediate binary image representing the acquired image
divided into a number of contiguous first subimages,
each having a first logic value if corresponding to a
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detected specifically ordered region, and a second logic
value if corresponding to a region of the image other
than said specifically ordered region; performing a sec-
ond processing step of said acquired image to generate
a second intermediate binary image representing the
image divided into a number of contiguous second
subimages, each having a first logic value if correspond-
ing to a detected said specifically ordered region or a
detected highly variable brighness region, and a second
logic value otherwise; subtracting the first intermediate
binary image from the second intermediate binary
image to generate an output binary image defined by a
number of contiguous subimages having said first logic
value only at said highly variable brightness or colour
regions of an order other than that of the specifically
ordered regions, and said second logic value else-
where.

[0008] More specifically, said first processing step of
said acquired image comprises the steps of: calculating
a number of gradient vectors for a number of elemen-
tary images into which said image is divided; determin-
ing significant gradients of an amplitude above a
threshold value; assigning said first logic value to the
first subimages containing significant gradient vectors
with said predetermined orientation; assigning said sec-
ond logic value to the first subimages containing signifi-
cant gradient vectors with an orientation other than said
predetermined orientation; and assigning said second
logic value to the first subimages containing nonsignifi-
cant gradient vectors; said second processing step of
said acquired image comprises the steps of: calculating
a number of gradient vectors for a number of elemen-
tary images into which said image is divided; determin-
ing significant gradients of an amplitude above a
threshold value; assigning said first logic value to the
second subimages containing significant gradient vec-
tors; assigning said second logic value to the second
subimages containing nonsignificant gradient vectors.
[0009] A non-limiting embodiment of the present
invention will be described by way of example with refer-
ence to the accompanying drawings, in which:

Figure 1 shows, schematically, an automatic optical
code reading device implementing the method
according to the present invention;

Figure 2 shows a series of images processed
according to the method of the present invention;
Figures 3 and 3a show a logic operating diagram of
the method according to the present invention;
Figures 4, 5, 6 show examples of operating steps
according to the method of the present invention.

[0010] Number 1 in Figure 1 indicates as a whole an
automatic optical code reading device comprising a
read head 5 facing a conveyor belt 6 to scan objects 7
laying on conveyor belt 6 and traveling in a straight hor-
izontal direction D. Each object 7 comprises, on a face
7a facing read head 5, a scanning region comprising a



3 EP 0 917 080 A1 4

number of relevant regions (Figure 2). The scanning
region may comprise, in general, a preferably flat sur-
face defining a background BK (preferably, but not nec-
essarily, of uniform colour) and a number of relevant
regions Z distinguishable from the background by struc-
ture and colour and containing information or a struc-
ture for the insertion of information. For example, the
relevant regions may comprise:

+ portions delimited by graphic signs, such as tables
or matrixes, labels and geometrically defined struc-
tures in general;

+ automatically impressed alphanumeric signs
(printed or typed by a typewriter or a printer);

+ manually impressed alphanumeric signs;

+ photographs;

+ optical codes defined by a number of graphic signs
whereby information is coded in the form of a
sequence of black and white or variously coloured
regions extending in one or more directions. Optical
codes comprise:

* bar codes defined by a number of differently col-
oured alternating straight elements (black bars and
white spaces) adjacent to one another and parallel
to one direction;

+ two-dimensional codes defined by a number of dif-
ferently coloured elements of a given shape, adja-
cent to one another and extending in two (or more)
directions; and

+ colour codes.

[0011] Examples of two-dimensional optical codes are
the so-called ID-CODE codes defined by black or white
square unit elements and MAXICODE codes defined by
black or white hexagonal unit elements.

[0012] Inthe embodiment shown, the relevant regions
comprise, in general:

at least one specifically ordered region Zc contain-
ing an optical code defined by elements, all with a
predetermined orientation, in particular elements
parallel to one direction as in the case of a bar
code; and

at least one highly variable brightness region Za
containing a number of elements with a certain
order level (e.g. a MAXICODE), which order level,
however, does not correspond with the order of the
specifically ordered region Zc.

[0013] In the embodiment shown, the specifically
ordered region Zc is a region containing bar codes,
each defined by elements parallel to one direction d and
the highly variable brightness region is a region (Za)
containing a two-dimensional optical code, i.e. defined
by elements with orientations not coinciding with the
one orientation of the bar code. The specifically ordered
region Zc also includes retangular frame structures.

[0014] Device 1 comprises an electronic control and
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processing unit 12 cooperating with read head 5.

[0015] The device also comprises a sensor 14 located
along conveyor belt 6 to determine the height of objects
7 traveling along the belt; a sensor 15 to determine the
presence of objects 7 close to read head 5 and a speed
sensor 16 to determine the traveling speed of the belt
(and therefore of the conveyed objects) with respect to
read head 5.

[0016] Device 1 also comprises a lighting device 17 for
lighting the section of the belt detected by read head 5.
[0017] With reference to Figure 1, read head 5 com-
prises a linear (e.g. CCD) television camera 20 for scan-
ning a line 6a of the belt (continuously or when enabled
by sensors 14, 15, 16) and a circuit 22 for processing
the output signals of camera 20. Circuit 22 comprises a
filter 24 input-connected to the output of camera 20; a
memory 26 input-connected to the output of camera 20
and for storing images and one (or more) programmable
data processing unit (DSP - digital signal processor) 28
cooperating with filter 24 and memory 26.

[0018] Figures 3 and 3a show a flow chart of the oper-
ating cycle of processing circuit 22.

[0019] With reference to Figure 3, a start block 100
goes on to a block 110, in which the lines 6a scanned by
camera 20 are composed electronically to form a two-
dimensional image (memorized in memory 26) of con-
veyor belt 6 and/or objects 7. A digital image | (Figure 2)
is thus formed, comprising a matrix of pixels, each char-
acterized by a number defining its grey level. The
acquired digital image | may comprise the image of one
or more objects 7, and in which are visible the relevant
regions Z and background BK.

[0020] In particular, the images of specifically ordered
region Zc and of highly variable brightness region Za
are clearly visible and distinguishable against back-
ground BKin image I.

[0021] Block 110 is followed by a block 120, in which
acquired digital image | is divided into a number of ele-
mentary images (windows) If, each comprising a prede-
termined N number of pixels.

[0022] For example, windows If may comprise four
pixels, as shown in Figure 4.

[0023] Block 120 is followed by a block 130, which cal-
culates the brightness gradient vector G of each window
If of image .

[0024] In the embodiment shown (four-pixel window),
if A, B, C, D are the respective numeric brightness val-
ues of the pixels in window If, the gradient vector is cal-
culated according to the equations :

GX=C-B
GY=D-A
o = arctg(GY/ GX)

(if GX = 0 or o = n/2 if GX = 0) where GX and GY are the
components of gradient vector G along the X and Y
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axes (Figure 4), and « is the angle formed by the gradi-
ent vector and the X axis of a cartesian reference sys-
tem having the X axis along the diagonals of pixels B,C,
and the Y axis along the diagonals of pixels A,D.

[0025] Block 130 is followed by a block 140, which
compares the amplitude of each calculated gradient
vector with a threshold value Glim1 established during
initialization. If the amplitude of the gradient vector is
below the threshold, block 140 is followed by a block
150, which cancels the gradient vector as being nonsig-
nificant by representing slow variations in brightness.
Conversely (block 160 following block 140), the calcu-
lated gradient vector is considered significant by repre-
senting rapid variations in brightness, and is kept for
subsequent processing.

[0026] Block 160 is followed by a block 170, which
effects a transformation of each selected calculated gra-
dient vector to determine at least one given direction
and given side for the specifically ordered region which
direction and side are assigned to all the calculated gra-
dients. The transformation operator in block 170 is
capable of passing from gradient space (defined by
amplitude, direction and side) to direction space (only
defined by amplitude and direction), so that, when
transformed, two gradients with the same amplitude
and direction but opposite sides are mapped in the
same vector in the directions space.

[0027] One possible transformation is that whereby
the gradient vectors angles are multiplied by a factor
equal to the number of sides of the unit element forming
the optical code in specifically ordered region Zc.
[0028] In the example shown (specifically ordered
region Z¢ comprising image of bar codes and rectangu-
lar frame structures), the transformation is effected by
doubling the angle « of each gradient vector.

[0029] Block 170 is followed by a block 200 in which
each gradient vector G transformed in block 170 is
approximated to the nearest of a series of reference
vectors (gradient vector quantization). More specifically,
the reference vectors may comprise four first unit vec-
tors V4, Vo, V3, V4 perpendicular to one another, and
four second vectors T4, To, T3, T4 perpendicular to one
another and forming a 45° angle with the first vectors
(Figure 5).

[0030] Block 200 is followed by a block 210, which
determines whether examination (and calculation of the
gradient vector) of windows If defined in block 120 is ter-
minated. In the event of a negative response (windows
If still being examined), block 210 goes back to block
130 to calculate a further gradient vector. Conversely
(examination of windows If terminated), block 210 goes
on to a block 215.

[0031] Block 215 groups the quantized gradients of
image | into a number of subsets (subimages) or so-
called tiles Ip, which are obtained by dividing the
acquired image | into a number of subimages (tiles) Ip,
each comprising a number of windows If. For example,
tiles Ip may be defined by a hundred pixels of the origi-
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nal image | and so comprise, in the embodiment shown,
twenty-five windows If (each window comprises four pix-
els).

[0032] The next processing step provides for deter-
mining which regions in the original digitized image |
contain gradient vectors corresponding to specifically
ordered region Zc (the highly variable brightness
regions are not considered).

[0033] Block 215 is followed by a block 220, which cal-
culates the vectorial sum of the gradient vectors proc-
essed in blocks 170, 200 and relating to a subimage Ip,
i.e. the transformed and quantized gradient vectors of
the various windows If are composed to generate a sum
gradient vector Gs associated with the currently
selected tile Ip.

[0034] Block 220 is followed by a block 230, in which
the sum gradient vector Gs is compared with threshold
values (Figure 6). If the sum gradient vector Gs is above
the threshold values, block 230 goes on to a block 240.
Conversely (sum gradient vector Gs below the threshold
values), block 230 goes on to a block 250.

[0035] In a cartesian X, Y reference system, the
threshold values may be represented, for example, by
the sides of a square Q (Figure 6), so that, if one end of
sum gradient vector Gs lies within the perimeter of
square Q, block 230 goes on to block 250. Conversely
(end of sum gradient vector Gs outside the perimeter of
square Q), block 230 goes on to block 240.

[0036] The situation determined in block 240 is that in
which the value of the sum gradient vector in the space
of directions is above the threshold; in which case, the
respective tile Ip is considered significant by comprising
a sufficient number of gradient vectors of significant
amplitude and substantially the same direction (specifi-
cally ordered region detected - possible presence of an
optical code or rectangular frame structure). The
selected tile Ip is therefore assigned a first logic value
(in particular, a logic "1") indicating tile Ip is to be consid-
ered as relating to a specifically ordered region.

[0037] The situation determined in block 250 is that in
which the value of sum gradient vector Gs in the space
of directions is below the threshold; in which case, the
respective tile is considered nonsignificant by compris-
ing an insufficient number of gradients of significant
amplitude and substantially the same direction. The
selected tile is therefore assigned a second logic value
(in particular, a logic "0") indicating tile Ip is to be consid-
ered nonsignificant and corresponding to an image
region other than the specifically ordered region, i.e.
background BK; to a portion of the image with no signif-
icant variation in brightness or colour, or to a highly var-
iable brightness portion of the image of an order other
than that of the specifically ordered region.

[0038] Blocks 240, 250 are followed by a block 260,
which determines whether all the tiles Ip inimage | have
been examined. In the event of a negative response
(image still being examined), block 260 goes back to
block 220 to examine a further tile Ip. Conversely
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(examination of image | terminated), block 260 goes on
to a block 270.

[0039] The output of block 260 is a first intermediate
binary image Ir1 (Figure 2) representing image | divided
into a number of contiguous tiles Ip, each having a logic
value "1" (significant, "black” tile) if likely to correspond
to a specifically ordered region Zc (presence of an opti-
cal code or rectangular frame structure), or a logic value
"0" (nonsignificant, "white" tile) if corresponding to the
background image or to a highly variable brightness
region Za of an order other than that of specifically
ordered region Zc.

[0040] The elementary unit representing first interme-
diate binary image Ir1 is the same size as tile Ip. In other
words, tiles Ip constitute the pixels of image Ir1.

[0041] First intermediate binary image Ir1 is supplied
to a block 270 downstream from block 260 which (in
known manner) performs a filtering process to reduce
the effects of acquisition noise and eliminate any "dirty”
regions in the image. The operations performed in block
270 provide for eliminating any short or narrow groups
of significant tiles.

[0042] The elementary unit representing image Ir1
obviously remains the same size as tile Ip and the
sharpness of the image is reduced in favour of a reduc-
tion in noise. Block 270 may also eliminate any appar-
ently significant spurious regions of image Ir1 (i.e.
defined by "black™ tiles) not actually corresponding to
the specifically ordered region (to the bar code image, in
the example shown). Block 270 provides in known man-
ner for automatically recognizing such spurious regions
and for selecting the regions corresponding to the bar
code by means of an automatic pattern recognition
process for discerning spurious regions.

[0043] Figure 2 shows image Ir1 before (top) and after
(bottom) processing by block 270. A comparison of the
two images clearly shows elimination of the spurious
regions (crossed-out tiles).

[0044] The oulput of block 270 is therefore an image
(first intermediate binary image Ir1) defined by a
number of tiles Ip, which may have a first or second
state:

tiles corresponding to specifically ordered regions
Zc have a first logic state to define a region of
image | containing a number of significant gradient
vectors of substantially the same orientation (in par-
ticular, parallel gradient vectors in the case of a bar
code);

tiles corresponding to highly variable brightness
regions Za of an order other than that of specifically
ordered regions Zc have a second logic state to
define an image region containing a number of sig-
nificant gradients oriented differently from the spe-
cifically ordered region (e.g. not parallel, in the case
of a bar code); and

tiles corresponding to regions with no significant
variation in brightness or colour (e.g. the back-
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ground) have the second logic state to define an
image region with no significant gradients.

[0045] Image Ir1 processed in block 270 is memorized
in the next block 280.

[0046] The image acquired in block 110 is also sup-
plied to a block 120a (Figure 3a), which, like block 120,
divides the acquired digital image | into a number of ele-
mentary images (windows) If, each comprising a prede-
termined N number of pixels (e.g. four). The windows If
in block 120a are the same size as in corresponding
block 120.

[0047] Block 120a is followed by a block 130a, which
calculates the brightness gradient G of each window If
of image I.

[0048] In the embodiment shown (four-pixel window),
if A, B, C, D are the respective numeric brightness val-
ues of the pixels in the window, the gradient is calcu-
lated according to the equations :

GX=C-B
GY=D-A

where GX and GY are the components of gradient vec-
tor G along the X and Y axes (Figure 4).

[0049] In this case, gradients in any way significant,
are searched regardless of their order (angle a), angle
« is not calculated.

[0050] Block 130a is followed by a block 140a, which
compares the amplitude of each calculated gradient
with a threshold value Glim2 established during initiali-
zation. If the amplitude of the gradient is below thresh-
old Glim2, block 140a is followed by a block 150a, which
cancels the gradient as being nonsignificant by repre-
senting slow variations in brightness. Conversely (block
160a following block 140a), the calculated gradient is
considered significant by representing rapid variations
in brightness, and is kept for subsequent processing.
[0051] Block 160a is followed by a block 210a, which
determines whether examination (and calculation of the
gradients) of windows If defined in block 120a is termi-
nated. In the event of a negative response (windows If
still being examined), block 210a goes back to block
130a to calculate a further gradient. Conversely (exam-
ination of windows If terminated), block 210a goes on to
a block 215a.

[0052] It will be noted that the operations in blocks
14043, 150a, 160a, 210a are performed with no transfor-
mation as in block 170, i.e. with no transformation from
gradient to direction space.

[0053] Block 215a groups the gradients of image | into
a number of subsets (subimages) or so-called tiles Ip,
which are the same size as tiles Ip in block 215 and are
obtained by dividing the acquired image | into a number
of subimages (tiles) Ip, each comprising a number of
windows If. For example, tiles Ip may be defined by a
hundred pixels of the original image |, and so comprise,
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in the embodiment shown, twenty-five windows If (each
window comprises four pixels).

[0054] The next processing step provides for deter-
mining which regions in the original digitized image |
contain a large number of gradients, regardless of the
direction, and so correspond to specifically ordered
regions and to highly variable brightness regions of an
order other than that of the specifically ordered regions.
[0055] Block 215a is followed by a block 220a, which
calculates the scalar sum of the gradients kept by block
160a and relating to a subimage Ip, i.e. the gradients of
the various windows If are composed to generate a sum
gradient Gs associated with the currently selected tile
Ip.

[0056] Block 220a is followed by a block 2304, in
which the sum gradient Gs is compared with threshold
values. If the sum gradient Gs is above the threshold
values, block 230a goes on to a block 240a. Conversely
(sum gradient Gs below the threshold values), block
230a goes on to a block 250a.

[0057] The situation determined in block 240a is that
in which the value of the sum gradient is above the
threshold; in which case, the respective tile Ip is consid-
ered significant by comprising a sufficient number of
gradients of significant amplitude (possible presence of
a specifically ordered region corresponding to the
image of an optical code and/or of a highly variable
brightness or colour region). The selected tile Ip is
therefore assigned a first logic value (in particular, a
logic "1") indicating tile Ip is to be considered as relating
to a specifically ordered region or to a highly variable
brightness or colour region.

[0058] The situation determined in block 250a is that
in which the value of sum gradient Gs in the space of
directions is below the threshold; in which case, the
respective tile is considered nonsignificant by compris-
ing an insufficient number of gradients of significant
amplitude. The selected tile is therefore assigned a sec-
ond logic value (in particular, a logic "0") indicating tile Ip
is to be considered nonsignificant and preferably corre-
sponding to the background or at any rate to a region
with no significant variation in brightness or colour.
[0059] Blocks 240a, 250a are followed by a block
260a, which determines whether all the tiles Ip in image
| have been examined. In the event of a negative
response (image still being examined), block 260a goes
back to block 220a to examine a further tile Ip. Con-
versely (examination of image | terminated), block 260a
goes on to a block 270a.

[0060] The output of block 260a is a second interme-
diate binary image Ir2 (Figure 2) representing image |
divided into a number of contiguous tiles Ip, each having
a logic value "1" (significant, "black” tile) if likely to corre-
spond to a specifically ordered region and/or to a highly
variable brightness region, or a logic value "0" (nonsig-
nificant, "white" tile) if corresponding to the background
image or to a region with no significant variation in
brightness or colour.
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[0061] Asforimage Ir1in block 270, image Ir2 is proc-
essed to eliminate any spurious regions (block 270a fol-
lowing block 260a), and the output of block 270a is
supplied to a block 280a. Figure 2 shows image Ir2
before (top) and after (bottom) processing by block
270a. A comparison of the two images clearly shows
elimination of the spurious regions (crossed-out tiles).
[0062] The elementary unit representing second inter-
mediate binary image Ir2 is the same size as that repre-
senting first intermediate binary image Ir1.

[0063] The output of block 270a is therefore an image
(second intermediate binary image Ir2) defined by a
number of tiles Ip, which may have a first or second
state:

tiles corresponding to specifically ordered regions
have a first logic state ("1") to define a region of
image | containing a large number of significant
gradients;

tiles corresponding to highly variable brightness or
colour regions have the first logic state ("1") to
define a region of image | containing a large
number of significant gradients; and

tiles corresponding to the background image or
regions with no significant variation in brightness or
colour have a second logic state ("0") to define an
image region with no significant gradients.

[0064] The first and second intermediate binary
images Ir1 and Ir2 memorized in respective blocks 280
and 280a are supplied to a masking block 300 for sub-
tracting image Ir1 (according to the set theory) from
image Ir2.

[0065] As stated, second intermediate binary image
Ir2 comprises significant tiles both at specifically
ordered regions and highly variable brightness or colour
regions of any order; while first intermediate binary
image Ir1 comprises significant tiles at specifically
ordered regions only. When image Ir1 is subtracted from
image Ir2, the contributions of the specifically ordered
regions of the two images cancel each other out, so that
an output image lu is generated comprising only the
highly variable brightness or colour regions of an order
other than that of the specifically ordered regions. The
size of the tiles, in fact, is the same, and the specifically
ordered regions occupy the same positions in both
images Ir1 and Ir2, by virtue of the process described to
acquire images Ir1, Ir2 working on the same original
image, and using algorithms (blocks 120, 120a and 215,
215a) effecting the same divisions.

[0066] The operation in block 300 is performable using
the following equation:

lu(i,j) = 12(i,j) AND NOT I1(i,j)
where:

* lu(i,j) is the logic value of the tile with coordinates i,j
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in output image lu;

* 12(i,j) is the logic value of the tile with coordinates i,
in second intermediate binary image Ir2; and

+  11(i,j) is the logic value of the tile with coordinates i,
in first intermediate binary image Ir1.

[0067] An output image lu is therefore generated
which only comprises significant tiles in the highly varia-
ble brightness or colour regions of an order other than
that of the specifically ordered regions, i.e. the specifi-
cally ordered regions are eliminated.

[0068] That is, at least one relevant highly variable
brightness or colour region containing information is
located.

[0069] The output image lu processed in block 300 is
then supplied for subsecjent processing to a block 310,
which operates on the regions of image | corresponding
to significant tiles.

[0070] The advantages of the present invention are
clear from the foregoing description. The method
described in fact provides for locating highly variable
brightness or colour regions in arc image by eliminating
the specifically ordered regions.

[0071] Possible applications include the following:

+ The specifically ordered region of the image com-
prises a bar code image and the highly variable
brightness or colour regions comprise images of
two-dimensional optical codes: in this case, the
transformation in block 170 doubles the gradient
vectors angle and output image lu only comprises
tiles corresponding to highly variable brightness or
colour regions, thus locating the two-dimensional
optical code.

+ The specifically ordered region of the image com-
prises the image of a table, a matrix or a geometri-
cally defined structure and the highly variable
brightness regions comprise images of two-dimen-
sional optical codes: in this case, the transformation
in block 170 doubles the gradient vectors angle and
the output image only comprises tiles correspond-
ing to highly variable brightness or colour regions,
thus locating the two-dimensional code.

[0072] As regards the method shown in Figures 3 and
3a, the main adjustable parameters are the following:

+ threshold values Glim1 and Glim2 used respec-
tively in blocks 140 and 140a and which are deter-
mined experimentally;

+ the threshold values used respectively in blocks
230 and 230a and which are determined experi-
mentally; and

+ the size of tile Ip used to divide the image in blocks
215 and 215a.

[0073] Typically, the selected tile size is approximately
half the apparent minimum size of the code (i.e. the size
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of the code measured in image 1), so as to ensure the
code image contains at least one whole tile.

Claims

1. A method of locating highly variable brightness or
colour regions in an acquired (110) image (I),
wherein said image (l) has a number of relevant
regions, including:

- at least one specifically ordered region (Zc);
and

- at least one highly variable brightness region
(Za); the order level of said highly variable
brightness or colour region differing from the
order of the specifically ordered region;

characterized by comprising the steps of:

- performing a first processing step of said image
() to generate a first intermediate binary image
(Ir1) representing the acquired image (l)
divided into a number of contiguous first subim-
ages (Ip), each having a first logic value if cor-
responding to a detected (240) specifically
ordered region and a second logic value if cor-
responding to a region of the image other than
said specifically ordered region;

- performing a second processing step of said
acquired (110) image (I) to generate a second
intermediate binary image (Ir2) representing
the image (l) divided into a number of contigu-
ous second subimages (Ip), each having a first
logic value if corresponding to a detected
(240a) said specifically ordered region or a
detected (240a) highly variable brighness
region and a second logic value otherwise;

- subtracting (300) the first intermediate binary
image (Ir1) from the second intermediate
binary image (Ir2) to generate an output binary
image (lu) defined by a number of contiguous
subimages (Ip) having said first logic value only
at said highly variable brightness or colour
regions of an order other than that of the specif-
ically ordered regions and said second logic
value elsewhere.

2. A method as claimed in Claim 1, characterized in
that the dimensions of said first subimages corre-
spond with the dimensions of said second subim-
ages.

3. A method as claimed in Claim 1 or 2, characterized
in that said subtracting step (300) comprises a
masking step in which the following operation is
performed:

lu(i,j) = 12(i,j) AND NOT I1(i,j)
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where:

* lu(i,j) is the logic value of a subimage, with pre-
determined coordinates (i,j) of said output
binary image (lu);

+ 12(i,j) is the logic value of a second subimage,
with predetermined coordinates (i,j) of said
second intermediate binary image (Ir2); and

+  11(i,j) is the logic value of a first subimage, with
predetermined coordinates (i,j) of said first
intermediate binary image (Ir1).

A method as claimed in any one of the foregoing
Claims, characterized in that said first processing
step of said acquired (110) image (l) comprises the
steps of:

- calculating (130) a number of gradient vectors
for a number of elementary images (If) into
which said image (l) is divided;

- determining (140) significant gradients of an
amplitude above a threshold value;

- assigning (240) said first logic value to the first
subimages (Ip) containing significant gradient
vectors of an order congruent with the order of
said specifically ordered region;

- assigning (250) said second logic value to the
first subimages (Ip) containing significant gradi-
ent vectors of an order other than the order of
said specifically ordered region; and

- assigning (250) said second logic value to the
first subimages (Ip) containing nonsignificant
gradient vectors;

and said second processing step of said acquired
(110) image (l) comprises the steps of:

- calculating (130a) a number of gradients for a
number of elementary images (If) into which
said image (1) is divided;

- determining (140a) significant gradients of an
amplitude above a threshold value;

- assigning (240a) said first logic value to the
second subimages (Ip) containing significant
gradients; and

- assigning (250a) said second logic value to the
second subimages (lp) containing nonsignifi-
cant gradients.

A method as claimed in any one of the foregoing
Claims, characterized in that said first processing
step of said acquired (110) image (I) comprises:

- afirst step (120) in which the acquired image (l)
is divided into a number of elementary images
(If), each comprising a predetermined number
(N) of pixels; each pixel being assigned a value
(A, B, C, D) representing the brightness of the
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pixel;

- a second step in which a brightness gradient
vector (G) is calculated for each of said ele-
mentary images (If);

- afirst comparing step (140) to select, from the
calculated said gradient vectors (G), gradient
vectors having an amplitude above at least one
threshold value (Glim1) and representing rapid
variations in brightness;

- atransformation step in which the selected gra-
dient vectors are transformed to determine a
given direction and a given side; which direc-
tion and side are assigned to all the gradient
vectors;

- atiling step (215) in which said acquired image
(I) is divided into a number of said subimages
(Ip), each comprising a number of elementary
images (If);

- a composition step (220) in which the trans-
formed gradient vectors relating to a selected
subimage (lp) are added to calculate a sum
gradient vector (Gs);

- a second comparing step (230) in which said
sum gradient vector (Gs) of each of said subim-
ages (Ip) is compared with reference values to
select (240) significant subimages containing a
sufficient number of gradient vectors having
substantially the same direction; the significant
subimages being assigned said first logic value
("1"); said second comparing step (230) also
determining (250) nonsignificant subimages
containing a limited number of gradient vectors
having substantially the same direction and the
nonsignificant subimages being assigned said
second logic value ("0");
said first processing step generating said first
intermediate binary image (Ir1) representing
said acquired image (l) divided into said subim-
ages (Ip), each having a respective logic value.

A method as claimed in Claim 5, characterized in
that, at said transformation step, the angle ()
formed by said gradient vector with a cartesian ref-
erence system is multiplied by a factor equal to the
number of sides of the geometrical figure defining
the unit element of an optical code detectable in
said specifically ordered region.

A method as claimed in any one of the foregoing
Claims, characterized in that said second process-
ing step of said image (I) comprises:

- athird step (120a) in which the acquired image
() is divided into a number of elementary
images (If), each comprising a predetermined
number (N) of pixels; each pixel being assigned
avalue (A, B, C, D) representing the brightness
of the pixel;
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a fourth step in which a brightness gradient (G)
is calculated for each of said elementary
images (If);

a third comparing step (140) to select, from the
calculated said gradients (G), gradients having
an amplitude above at least one threshold
value (Glim2) and representing rapid variations
in brightness;

a further tiling step (215a) in which said
acquired image (l) is divided into a number of
said subimages (lp), each comprising a
number of elementary images (If);

a further composition step (220a) in which the
scalar sum of the selected gradient vectors
relating to a selected subimage (Ip) is calcu-
lated to calculate a sum gradient (Gs);

a fourth comparing step (230a) in which said
sum gradient (Gs) of each of said subimages
(Ip) is compared with reference values to select
(240a) significant subimages containing a suffi-
cient number of gradients; the significant
subimages being assigned said first logic value
("1"); said fourth comparing step (230a) also
determining (250a) nonsignificant subimages
containing a limited number of gradients; and
the nonsignificant subimages being assigned
said second logic value ("0");

said second processing step generating said
second intermediate binary image (Ir2) repre-
senting said acquired image () divided into
said subimages (Ip), each having a respective
logic value.
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